ABSTRACT
INTRODUCTION
Automotive company is developing rapidly. It leads the BodyShop business be a promising business because the automotive company could not stand itself without the activities of BodyShop Business. There are three kinds of BodyShop's activities: light repair, medium repair, and heavy repair. The standard time for light damage (one to three panels) is one to three days. For medium damage (four to six panels) is 3 to 5 days and for the heavy damage (≥ seven panels) is 5 days to 2 weeks. In fact, the actual repair time for light damage is 4.44 business days (more than 3 business days) and for medium damage is 7.02 business days (more than 5 business days). Thus, the line efficiency of BodyShop is low.
The line of BodyShop is not balance, it makes many vehicles got stuck when entering the stalls. There are two types of assembly line balancing that matches for the condition of BodyShop; straight line balancing and u-shaped line balancing. Straight line balancing is a balance production line where stations are arranged consecutively in a line by grouping tasks into stations while moving forward through a precedence diagram using Rank Positional Weight. On the other hand, u-shaped line balancing is a balance production line arranged by assigning tasks into stations while moving forward, backward, or simultaneously in both directions through the precedence diagram by using Critical Task Method.
This research compares straight line balancing and u-shaped line balancing. The objective is to minimize the workstations, and then to find which line balancing is better to be implemented at BodyShop Business.
METHOD Designing Assembly Line Balancing Standard Time (Time Study)
There are three kind of test to prove the observation's data is valid. First is normality test. If confidence interval construction is about unknown population mean μ based upon the calculation of a point estimate and level of confidence, hypothesis testing allows an experimenter to assess the plausibility and credibility of a specific statement (Hayter, 2000) . H 0 : The data is normally distributed H A : The data is not normally distributed Walpole, et al. (2002) puts the rules of p-value to take the statistical inference data: If p-value ≤ α, reject the null hypothesis. If p-value > α, fail to reject the null hypothesis.
Second is uniformity test. There are several steps to determine the uniformity of a set of data: Calculate average observed time (x ) for each operation.
(1)
Calculate the standard deviation (s) of each operation.
∑ (2)
Determine the Upper Control Limit (UCL) and Lower Control Limit (LCL) (Wignjosoebroto, 2000) . (3) Third is suficiency test. The data is sufficient when n (number of data) greater than N' (number of observation needed). The following formula calculates how many observations must be done to reach 95% confidence level (Sutalaksana, et al., 2006) .
(4)
Rating Operator Performance (Westinghouse System) Niebel and Freivalds (2003) put the detail of westinghouse system as the rating method. This method considers four factors in evaluating the performance of operator; skill, effort, conditions, and consistency. The overall performance factor could be determined by algebraically combining the four values and adding their sum to unity. Sutalaksana, et al. (2006) determines the factors as energy that be taken out, work posture, work motion, eye fatigue, temperature condition, atmosphere condition, and good environment condition. The evaluation is done by calculating the values of the seven factors, personal needs, and delays.
Adding Allowance

Rank Positional Weight (Straight Line Balancing)
There are some steps in Helgeson-Birnie Approach method to design assembly line: (1) create the precedence matrix to show the relationship among those elements. The following figure is established to show the precedence matrix. The numeral 1 signifies a "must preceed" relationship; (2) calculate positional weight (PW) for every work element (WE); (3) sort all work elements from the largest PW until the smallest PW. List all the positional weight in decreasing order of magnitude; (4) based on the rank of PW in step 2, develop the task loading into work station. Thus, there will be some limitations: the relation in precedence diagram (+Status zone/ zone constraints) and work station time (ST) could not be more than actual cycle time (CTi); (5) calculate the work station's efficiency and efficiency of assembly line (LE).
is only O(mn2), meaning that this method can be solved within a polynomial-time. Because of the advantage of less time complexity, the effective heuristic method is presented which is based on combining the proposed approach by Yeh and Kao (2009) and the well-known rank positional weight technique (RPW) introduced by Helgeson and Birnie (1961) to solve U-shape assembly line problems in the area of type-1.
There are several steps to do the Critical Task Method CTM. First is calculating minimum feasible number of workstation S and the minimum feasible cycle time MCT and the adjusted value of CT* = (MCT + CT) / 2 Second is creating a new workstation. Then, calculate the weight for each task in two stages, one time from the forward direction and another time from the backwards direction. And then, identify activities permitted for assigning and creating a candidate list.
The third step is assigning activities with high weight on the candidate list. Iif there are two or more activities with the same weight, one can be selected to be assigned at random. This order in each stage is continued by finding the new weight for each task using the critical path. When solving Ushape line, the tasks' weight should be updated in forward direction if the assigned task is from the end of network. Otherwise, the tasks' weight in the backward direction should be recalculated until all the activities are assigned to the workstations.
The fourth step is calculating the remaining time for the current station and updating the candidate list based on the new calculated weights and constraints. If the station has enough time for any feasible unassigned task, back to step 3, otherwise go to step 5. The fifth step is repeat assigning process until no tasks are left. If there are unassigned tasks, back to step 2.
Activity Relationship Chart
Activity Relationship Chart (ARC) can be defined as the maping of activity relation that describe the closeness degree of every facility. Mulyati and Rachmi (2011) set the main goal of ARC is to identify the relationship closeness of each group's activity in terms of factory organization. There are six symbols of ARC's closeness degree (Table 1) . Table 1 Table closeness The dimensionless block diagram is the first attempt and the result of the ARC. This layout will be the basis for the master layout and plot plan. The following table is the position requirements of placing the relationship codes (Table 2) . 
Bonferroni Approach
In Harrell et al. (2012) , the statistical methods for making the comparison of system are called hypotheses tests. One of the methods that could be used is Bonferroni Approach. When there are three to about five alternative system designs to compare with respect to some performance measure, the Bonferroni approach is the method to solve it. Given K alternative system designs to compare, the null hypothesis H0 and alternative hypothesis H1 become :
H0: µ = µ = µ = . . . . = µ μ for K alternative systems H1: µ ≠ µ for at least one pair i ≠ i' where i and i' are between 1 and K and i < i'.
The number of pairwise comparisons for K candidate designs is computed by K(K -1) / 2.
Model Verification and Model Validation
There is a way to do the model verification; using trace and debugging facilities. Comparing with the actual system is one of the techniques that could be used to validate the model. Using the paired-t test for comparing the model with the actual system. In paired-t test, it is necessary for testing the hypotheses; H0: µ µ = 0 H1: µ µ ≠ 0 Thus, the paired-t confidence interval for an α level of significance is P(x -hw ≤ µ ≤ x + hw) = 1 -α
Mathematics
There are three parameters in designing the assemly line balancing. First is the efficiency of assembly line (ratio between total workstation time and multification of cycle time and number of workstations). Third is the balance delay (the rate of delay). Due to bottleneck and idle time occured in the BodyShop line, delays came up. The value of delay was:
100%
= 53,9%
Simulation
The picture below showed the layout of location constructed ( Figure 2 ). Table 5 showed the process and routing of the current line's simulation. The trace below shows that the entity or sequence of events follow the behavior that would occur in the actual system (model verification) ( Figure 3 ). Given that the confidence interval about μ (A -C) includes zero, it is concluded that there was no significant difference in the mean throughput produced by Actual System (μ A ) and Current Line in ProModel (μ C ). Thus, the model of current line in ProModel is right (validation and verification). There were 7.48 finished repair vehicles that are found in the finished stall. This is the output of current line in the simulation.
Layout of Proposed Straight Line Rank Positional Weight
Below is the example of calculating positional weight for Q1 based on precedence diagram (refers to Appendix 2). Since Q1 precedes all operations except Q22, Q26, Q32, and Q45, the operational weight of Q1 is: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 23, 24, 25, 27, 28, 29, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 46 , 47 =0,92+1,34+2,44+1,50+1,84+2,76+1,09+0,36+2,01+7,74+3,23+9,44+5,19+0,84+44,38+1,52+11,72+ 1,12+4,74+2,58+0,63+0,50+1,40+2,63+10,09+34,85+1,92+3,87+3,64+4,93+2,65+3,01+6,94+2,41+7, 95+3,68+2,04+13,31+1,93+5,60+2,79+1,77+1,41 = 226.66
Calculation table and the application of RPW are attached in Appendix 3. Then the data is used as the basis in determining the work arrangement between operators.
Work Arrangement
The table below is the work arrangement of straight line balancing based on RPW (Table 6) Table 7 below showed the line efficiency of each proposed workstation. It proved that the line efficiency was better than the current line. The following table is the calculation of the smoothness index for proposed straight line (table  8) . It proved how smooth the proposed line was. Below is the calculation of Balance Delay:
The value of balance delay has been decreased become 15,2%. It meant that the bottleneck or idle time would be reduced.
Activity Relationship Chart
It could be beneficial to design the layout of straight line balancing. Below is the table of ARC (Table 9 ). Below is the dimensionless block diagram (layout) for straight line balancing ( Figure 5 ).
Figure 5 Dimensionless block diagram of straight line balancing
Simulation There were three model system designs of proposed straight line; system 1 with 15 operators (station 1= 2opt, station 2= 3opt, station 3= 2opt, station 4= 3opt, station 5= 3opt, station 6= 2opt), system 2 with 16 operators (station 1= 2opt, station 2= 3opt, station 3= 2opt, station 4= 3opt, station 5= 3opt, station 6= 3opt), and system 3 with 15 operators (station 1= 3opt, station 2= 3opt, station 3= 2opt, station 4= 3opt, station 5= 3opt, station 6= 2opt). Using the benferroni approach to compare these systems. Below was the calculation of paired-t confidence intervals. Comparing μ (1-2) : α 1 0.02
The approximate 98% confidence interval:
Based on the results, system 1 is the least favorable with respect to the mean throughtput while System 2 and System 3 are the most favorable with respect to mean throughput. Thus, the recommendation is implementing the System 3 in place of the System 2 because System 3 was the boss's idea.
The picture below shows the layout of location which has been constructed. The following table is the process and routing of the proposed straight line. The trace below shows that the entity or sequence of events follow the behavior of system (model verification). Model validation is tested by using paired-t (comparing with the calculation of maximum production capacity). Below is the calculation of maximum production capacity. P = T / C P = 480 / 46.92 = 10.23 ≈ 10
Suppose that overall significance level is 5% (α= 0.05). Below is the calculation of paired-t confidence intervals.
• Given that the confidence interval about μ (C -S) includes zero, it is concluded that there is no significant difference in the mean throughput produced by calculation of maximum production capacity (μ C ) and proposed straight line in ProModel (μ S ). Thus, the model of proposed straight line in ProModel is right (validation and verification). The output of proposed straight line is 11,22 finished repair vehicles in the simulation.
Layout of Proposed U-Shaped Line Critical Task Method
Below is the example of calculating backward and forward weight for Q1.
Backward: ∑ 1, 3, 5, 6, 8, 9, 10, 13, 14, 16, 17, 19, 21, 23, 24, 25, 27 29, 30, 31, 33, 34, 35, 36, 37, 38, 41, 42, 43, 44, 46 
Work Arrangement
The following table is work arrangement of u-shaped line balancing based on CTM. Figure 8 Yamazumi chart of proposed u-shaped line
Line Efficiency, Smoothness Index, and Balance Delay
Below is the table that shows the line efficiency of each proposed workstation. It is proven that the efficiency of proposed u-shaped line is the best efficiency. The table below is the calculation of smoothness index for proposed u-shaped line. Below is the calculation of Balance Delay of proposed u-shaped line.
The value of balance delay is very small. Thus, there is no bottleneck on BodyShop.
Activity Relationship Chart
Below is the table of ARC for u-shaped line balancing. Dimensionless block diagram is the layout of proposed u-shaped line balancing. 
Simulation
There are three model system designs of proposed u-shaped line: system 1 with 15 operators (station 1= 3opt, station 2= 3opt, station 3= 3opt, station 4= 3opt, station 5= 3opt), system 2 with 14 operators (station 1= 2opt, station 2= 3opt, station 3= 3opt, station 4= 3opt, station 5= 3opt), and system 3 with 16 operators (station 1= 3opt, station 2= 3opt, station 3= 3opt, station 4= 4opt, station 5= 3opt). We used Bonferroni approach to compare these systems. Below were the calculations of paired-t confidence intervals.
Comparing μ (1-2) : α 1 0.02
The approximate 98% confidence interval: Based on the results, the System 1 was the least favorable with respect to the mean throughtput while System 2 and System 3 were the most favorable with respect to mean throughput. Thus, the recommendation was implementing the System 3 in place of the System 2 because System 3 was the boss's idea. The picture below showed the proposed layout of location using U-shape line (Figure 10 ). The following table was the process and routing of the proposed u-shaped line (Table 15) . The trace ( Figure 11 ) below showed that the entity or sequence of events follow the behavior of system (model verification). Model validation is tested by using paired-t (comparing with the calculation of maximum production capacity). Below is the calculation of maximum production capacity. P = T / C P = 480 / 46.92 = 10.23 ≈ 10
Supposed that overall significance level was 5% (α= 0.05). Below was the calculation of paired-t confidence intervals. Given that the confidence interval about μ (C -U) included zero, we concluded that there was no significant difference in the mean throughput produced by calculation of maximum production capacity (μ C ) and we proposed u-shaped line in ProModel (μ U ). Thus, the proposed model of u-shaped line in ProModel was appropriate (validation and verification). There were 11,83 finished repair vehicles found in the finished stall. They were the outputs of proposed u-shaped line in the simulation.
Computational Result
In order to prove that both proposed lines are better than the current line, see the comparison graphs below (Figure 12 ).
Those graphs showed significant improvement in line efficiency, smoothness index, and balance delay. Although both proposed lines were better than the current line, the proposed u-shaped line was the best line to implement in the body shop. The proposed u-shaped line is significantly increasing the line efficiency and reducing the number of workstations. On contrast, the proposed ushaped line did not significantly increase the output of body shop because there was no significant difference between output of proposed straight line and output of proposed u-shaped line. It could happen because the main goal of proposed u-shaped line was minimizing the number of workstations. Therefore, the proposed u-shaped line is better than proposed straight line. 
CONCLUSION
There are two ways to improve the line efficiency in the body shop; creating the accurate standard time by using time study and redesigning the assembly line through heuristic approaches (Rank Positional Weight for straight line balancing and Critical Task Method for u-shaped line balancing). The proposed u-shaped line significantly increased the line efficiency and reduced the number of workstations. On contrast, the proposed u-shaped line did not significantly increase the output of body shop because there was no significant difference between output of proposed straight line and output of proposed u-shaped line. It could happen because the main goal of proposed ushaped line was minimizing the number of workstations. Therefore, the proposed u-shaped line is better than proposed straight line.
Appendix 3: Rank Positional Weight
Operation Std Time Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32 Q33 Q34 Q35 Q36 Q37 Q38 Q39 Q40 Q41 Q42 Q43 Q44 Q45 Q46 Q47 Task Number Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Q32 Q33 Q34 Q35 Q36 Q37 Q38 Q39 Q40 Q41 Q42 Q43 Q44 Q45 Q46 Q47
Backward Weight 121, 43 1, 34 120, 51 1, 50 118, 08 116, 24 114, 21 113, 48 113, 12 111, 11 12, 66 9, 44 103, 37 98, 19 44, 38 97, 34 95, 82 1, 12 84, 11 2, 58 79, 37 79, 62 78, 74 78, 23 76, 83 78, 81 74, 20 34, 85 64, 12 62, 20 58, 33 58, 53 54, 69 49, 76 47, 11 44, 11 37, 16 34, 76 3, 68 2, 04 26, 81 13, 50 11, 57 5, 97 11, 45 94 107,93 12,66 9,44 100,19 95,00 44,38 94,16 92,64 1,12 80,93 2,58 76,19 76,44 75,56 75,05 73,65 75,63 71,02 34,85 60,94 59,01 55,15 55,35 51,51 46,58 43,93 40,92 33,98 31,58 3,68 2,04 23,63 10,32 8,39 2,79 8,26 Forward Weight 1,34 1,50 2, 01 9,75 12,98 22,41 14,94 15,78 60,16 17,30 29,02 30,13 33,75 36,34 34,39 0,88 34,89 36,29 38,92 1,98 49,01 83,86 50,93 54,80 58,44 3,84 63,36 66,01 69,02 75,96 78,37 86,31 89,99 88,35 99,62 101,55 107,15 109,94 5,47 Backward Weight 1,34 1,50 107,93 12,66 9,44 100,19 95,00 44,38 94,16 92,64 1,12 80,93 2,58 76,19 76,44 75,56 75,05 73,65 75,63 71,02 34,85 60,94 59,01 55,15 55,35 51,51 46,58 43,93 40,92 33,98 31,58 3,68 2,04 23,63 10,32 8,39 2,79 8,26 Forward Weight 1,34 1,50 7,74 10,97 20,40 12,93 13,77 58,15 15,29 27,01 28,12 31,74 34,33 32,38 0,88 32,88 34,28 36,91 1,98 47,00 81,85 48,92 52,78 56,43 3,84 61,35 64,00 67,01 73,95 76,35 84,30 87,98 86,34 97,61 99,54 105,14 107,93 5,47 Backward Weight 1,34 1,50 12,66 9,44 100,19 95,00 44,38 94,16 92,64 1,12 80,93 2,58 76,19 76,44 75,56 75,05 73,65 75,63 71,02 34,85 60,94 59,01 55,15 55,35 51,51 46,58 43,93 40,92 33,98 31,58 3,68 2,04 23,63 10,32 8,39 2,79 8,26 Forward Weight 1,34 1,50 3,23 12,66 5,19 6,03 50,41 7,55 19,27 20,38 24,00 26,59 24,64 0,88 25,14 26,54 29,17 1,98 39,26 74,11 41,18 45,05 48,69 3,84 53,61 56,26 59,27 66,21 68,62 76,56 80,24 78,60 89,87 91,80 97,40 100,19 5,47 Backward Weight 1,34 1,50 12,66 9,44 97,40 92,21 44,38 91,37 89,85 1,12 78,13 2,58 73,40 73,64 72,76 72,26 70,86 72,83 68,23 34,85 58,14 56,22 52,35 52,55 48,71 43,79 41,14 38,13 31,19 28,78 3,68 2,04 20,84 7,53 5,60 5,47
Forward Weight 1,34 1,50 3,23 12,66 5,19 6,03 50,41 7,55 19,27 20,38 24,00 26,59 24,64 0,88 25,14 26,54 29,17 1,98 39,26 74,11 41,18 45,05 48,69 3,84 53,61 56,26 59,27 66,21 68,62 76,56 80,24 78,60 89,87 91,80 97,40 5,47 Backward Weight 1,34 1,50 12,66 9,44 91,80 86,62 44,38 85,77 84,25 1,12 72,54 2,58 67,80 68,05 67,17 66,66 65,26 67,24 62,63 34,85 52,55 50,63 46,76 46,96 43,12 38,19 35,54 32,53 25,59 23,19 3,68 2,04 15,24 1,93 5,47
Forward Weight 1,34 1,50 3,23 12,66 5,19 6,03 50,41 7,55 19,27 20,38 24,00 26,59 24,64 0,88 25,14 26,54 29,17 1,98 39,26 74,11 41,18 45,05 48,69 3,84 53,61 56,26 59,27 66,21 68,62 76,56 80,24 78,60 89,87 91,80 5,47 Backward Weight 1,34 1,50 12,66 9,44 89,87 84,69 44,38 83,84 82,32 1,12 70,61 2,58 65,87 66,12 65,24 64,73 63,33 65,31 60,70 34,85 50,62 48,70 44,83 45,03 41,19 36,26 33,61 30,61 23,66 21,26 3,68 2,04 13,31 5,47 Forward Weight 1,34 1,50 3,23 12,66 5,19 6,03 50,41 7,55 19,27 20,38 24,00 26,59 24,64 0,88 25,14 26,54 29,17 1,98 39,26 74,11 41,18 45,05 48,69 3,84 53,61 56,26 59,27 66,21 68,62 76,56 80,24 78,60 89,87 5,47 Backward Weight 50 3,23 12,66 5,19 6,03 50,41 7,55 19,27 20,38 24,00 26,59 24,64 0,88 25,14 26,54 29,17 1,98 39,26 74,11 41,18 45,05 48,69 3,84 53,61 56,26 59,27 66,21 68,62 76,56 80,24 78,60 5,47 Backward Weight 50 3,23 12,66 5,19 6,03 50,41 7,55 19,27 20,38 24,00 26,59 24,64 0,88 25,14 26,54 29,17 1,98 39,26 74,11 41,18 45,05 48,69 3,84 53,61 56,26 59,27 66,21 68,62 76,56 78,60
5,47
Backward Weight 28  29  27  26  25  24  35  34  33  32  31  30  41  40  39  38  37  36  47  46  45  44  43  42 
